There are currently 63 fixed steel platforms in the Gulf of Mexico (GoM) in water depths greater than 400 feet. Most of these platforms will have jacket weights in excess of 10,000 short tons. In the context of this paper, the aforementioned parameters define deepwater platforms.
Introduction
summarizes the GoM fixed steel platforms in water depths greater than 400. Most of these platforms are selfcontained multi-well drilling and production.
Early installations are in a six to eight leg configuration. Later designs such as Pompano (VK 989 A) reduced the legs to four, but added multiple skirt piles around each leg. Platforms such as ST 192 A and SP 89 E were designed as a junction between deepwater developments and shallow water pipeline transmission systems.
As shown in Figure 1 , the deepwater platforms lie near or outside the continental shelf with a greater concentration in Louisiana waters. The orange outlined areas in Figure 1 are the designated artificial reef sites that are managed by either the Texas Parks and Wild Life Department or the Louisiana Department of Wild Life and Fisheries in the western and central planning areas.
The decommissioning options available for deepwater platforms are the same as those in shallower shelf platforms. Figure 2 shows the overall production facilities, deck and jacket disposal options. In general all options executed take the production facilities and decks to shore for storage or disposal. The underlying difference is the fate of the jacket. The Complete Removal option takes the conductors and jacket to shore for disposal or storage for future reuse. Remote Reef options assumes that the conductors are removed and disposed onshore and the jacket rigged, lifted, towed and placed at a remote artificial reef site. Topple in-Place is where the jacket and conductors are pulled over into a horizontal position and toppled creating an artificial reef site. Partial Removal cuts the conductors and jackets at least 85 feet below the waterline and the cut section is placed next to the remaining jacket section that is left standing up or sent to shore for disposal.
Deepwater decommissioning follows the same basic path as their shallow water relatives. The following discussions emphasizes the difference Well P&A Rigless well plugging and abandonment (Well P&A) is the standard on shallow water platforms. Because of the depths and at times the wellbore configuration riggless well P&A may not be possible for deepwater platforms. A drilling rig may be required to cut and pull tubbing that is retrieved.
Conductor Removal
Conductors are typically severed and removed during the platform removal phase with the Heavy Lift Vessel (HLV.) At times, when the platform is partially removed or there are a significant number to remove, the conductors may be cut and removed during the platform removal preparation phase. The shear quantity, length, and sections to handle make this phase a challenge in deepwater. Two options are available to cut the conductors, explosive and non-explosive. Cutting the conductors with explosives will cause the cut point to flare out, which may impede pulling it through the conductor guides. If the flared section cannot go through the guide, an ROV or a diver can cut it. This adds to the complexity of the removal in that the cuts are made inside the bell guide in confined areas.
Another solution is to use initially an abrasive or mechanical tools, in-place of explosives, to cut the conductors internally below the mudline. The abrasive jet cutter can cut up to 10 inches linearly. The wellbore configuration may be as such that the total cut length is more than the abrasive cutting tool can cut. In addition, it is difficult to prove that the abrasive/mechanical cut was successful.
When using explosives, the conductor drops as proof that it has been cut. This does not happen when using abrasive or mechanical cutting methods. Casing jacks are used to prove that the conductor is cut by jacking up the conductor a few inches. This process will take some time to break the initial soil friction, which can add a significant load to the jacks. The removal method will determine the method by which the conductors are severed and at times both cutting techniques may be used.
The need to move the jacket from its original location to another site, as in the case of Complete Removal and Artificial Reef methods, will require the most practical severing method. In this case, abrasive cutting. The Complete Removal and Artificial Reef Methods will probably require that all of the conductors be removed in their entirety. The jacket design may not allow hanging the conductors on the +10-ft horizontal bracing elevation the tow to shallower water. Abrasive cutters provide the method by which the conductor is cut and for ease of going through the conductor guide. Explosives would be used a secondary system only when the wellbore configuration is such that an abrasive tool may not cut the conductor and casing.
Explosives should be considered as the primary conductor cutting method when toppling the jacket in-place. The conductors do not need to be removed or go through any of the bell guides since they are toppled with the rest of the jacket. The flare created by the detonation will not be an issue. This can be accomplished with the HLV onsite and in conjunction with the pile severing activities.
The Partial Removal method by definition will only require that the conductors cut and removed at the same elevation as the top of the jacket. The cuts are made externally or internally either with an abrasive or diamond wire cutting system. Divers can also make the external cuts or placed the cutting tools at the required location. Each cut section can be taken to shore or placed on the sea floor.
Pipeline Abandonment
Pipeline abandonment issues for deepwater decommissioning are directly related to the size of the line and the depths in which they are installed. Most deepwater platforms will be several miles from the onshore processing facility. This results in a pipeline requiring a large volume of water to be cleaned. The terminating end, offshore gathering platform or onshore facility, may not be capable of processing the fluids being pushed through the line.
Deck Removal
Topsides removal follows the installation process in reverse sequence. Any piece of equipment that may be in the way of the slings or added after the deck was installed is removed and placed on a cargo barge. The deck section(s) or support frames (cap trusses) are then removed by cutting the welded connections between the piles and the deck legs with oxygenacetylene torches. These decks are removed in the same configuration as they were installed. Slings are attached to the deck/cap truss lifting eyes and to the HLV crane. The HLV's crane lifts the deck sections from the jacket. The deck is then seated in the load spreaders and secured to the deck of the cargo barge.
Jacket Removal Options
Jacket removal poses the greatest challenge in the decommissioning process. Most (if not all) of these deepwater jackets were not designed to be lifted horizontally by a HLV. Rather, the jackets were launched uprighted by ballasting in a controlled and planned sequence. The HLV placed and orientated the jacket to its final destination.
Because of the deepwater jacket size, weight and configuration, the jackets can not be removed in most cases in one piece by conventional or semi submersible crane vessels. They must be cut and removed in sections. Two methods are discussed in this paper, In-situ and jacket hopping. The following presents the options available to remove jackets with conventional HLV.
Complete Removal -In-situ
In-situ removal is carried out at the platforms original location. After the deck is removed and the piles severed, the jacket is cut and removed in sections that the HLV can handle. All cuts are made below water by divers or ROV and are assisted with external abrasive, diamond wire or conventional torch cutting tools. The HLV is rigged to each section that is being cut. Upon completing each section cut, the HLV removes the jacket piece and secures it to the cargo barge. The process is repeated until the jacket is completely removed. Figure 3 shows a sample platform in 427-ft water depth that is cut in sections capable to be handled by a 2,000 ton derrick barge. The red lines shown in the figure shows the location of each cut. The center bay of the jacket is cut and removed down to each horizontal elevation cut section. After the center bay members are removed, a four legged jacket section is then cut at the horizontal elevation, removed and seafastened onto the cargo barge. The process is repeated until the jacket is completely removed.
Complete Removal -Jacket Hopping
In-situ jacket removal is not the only method to completely remove the jacket. Jacket hopping is a second method that has been accomplished in the GoM to handle a jacket that is too large and heavy for a conventional HLV. After the deck is removed and the piles severed, the jacket is then made buoyant to reduce the bottom weight. To maximize buoyancy, closure plates are welded to the piles and the water inside each pile is evacuated. Having deballasted the jacket, it is then lifted off the sea floor by the HLV. The jacket is supported by the HLV's crane off to the stern of the HLV. Rope hawsers are passed around two of the jacket legs and secured to the stern of the HLV. The jacket is then boomed away from the stern of the HLV until the hawsers are tight. The rope hawsers keep the jacket from swinging and being pulled out of the boom radius by its movement through the water. The HLV's anchors are shifted or completely picked up and the jacket is towed to shallower water.
At the new location, the jacket is ballasted and set on the sea floor. The water depth at the new location is such that the horizontal elevation to be cut is several feet above the water. Scaffolds are set up around the jacket legs and begin cutting the jacket legs. After the legs, piles and any diagonal braces have been cut, the upper jacket section is rigged, lifted, removed, and sea-fastened on a cargo barge. The cargo barge is then sent to the onshore disposal yard. The procedure mentioned above is repeated until the jacket is completely removed and placed on cargo barges. Figure 4 shows the same sample jacket in 427-ft water depth configured to be cut by the jacket hopping method. The number of jacket sections are reduced from 6 (in-situ) to 5 by hopping the jacket in.
The procedure described above has been executed and documented only once (see BA A 76 A case history below.) In addition , picking up, towing jackets to shallower depth and resetting the on the seafloor has been accomplished numerous times. Of the approximately 150 jackets that have been reefed in Louisiana waters, 91 jackets have been towed to another location for reefing and of those, 26 jackets were been towed to shallower water depths and toppled.
For this method to be applicable, the jacket dimensions and architecture must be analyzed. Jackets must have sufficient horizontal bracing to allow it to be cut and the pieces removed in modular form. Platforms that serve the function of drilling, production, or drilling and production the jacket will have sufficient bracing to allow this method to be feasible. In some instances however the jacket will not have the required bracing to allow the pieces to be removed in modular form. This has become evident in some new installation jackets that support pipeline jumper platforms. These jackets are not required to be as robust as drilling or production platforms due to the minimal support requirements.
In determining the feasibility of the method, the seafloor conditions will also need to be considered. The problems associated with a soft bottom are that there will be some settling of the jacket. This could cause the bottom elevation to be buried, thus making repositioning more difficult.
A route survey should be conducted to determine the tow route and locations to set and cut the jacket. Also, the survey should identify anything on the bottom that is not charted, i.e. ship wreck, oyster beds, etc. The results of the route survey and pipeline maps will need to be studied in order to locate ideal areas to set the jacket on bottom without disturbing the bottom conditions or crossing pipelines that might present safety hazards.
Artificial Reef -Partial Removal
Partial Removal should be considered if the platform lies in a designated artificial reef site and the platform configuration allows for the proper draft clearance.
After the deck is removed the jacket is cut at or just below the -85 ft water depth. The conductors should have been cut and removed only at the -85 level during the platform removal preparation phase. The rest of the conductors remains inside the jacket and becomes part of the reef. Divers can cut the legs, piles and braces at the necessary depth. The upper jacket section can be lifted and taken to shore or placed on the seabed.
Partial removal may at times not require the use of a HLV once the deck is removed. The remaining work could be accomplished with the use a dive spread and a large tug. For an eight-pile platform, this is completed by cutting the top portion of the jacket into two four-pile sections with a dive crew. After the jacket is segmented and legs cut, the tug arrives on site and hooks up its tow line to a sling attached to one of the jacket sections. The tug then pulls this section over, and it falls to the sea floor. This process is repeated for the other section. The EI 367 A case history described below is an example of this method carried out.
Artificial Reef -Topple in Place
Rather than cutting and removing the top 85 feet of the jacket, the entire jacket can be pulled over to create a reef site. The toppling method is the same as for shallow water. Its feasibility depends on the platform's current location. It maybe that the jacket is in a planning area or a petition can be made to for a special artificial reef site (SARS).
As shown in Figure 1 , all of the deepwater platforms are not in planning areas. This would require a petition to the State's Reef programs to designate a SAR.
Artificial Reef -Remote Site
Reefing the jacket in one piece at an artificial reef site may not be feasible for jackets in depths over 400 feet. The deepest designated reef site (EI 368) is approximately 400-ft deep. This requires the HLV to lift the jacket over 200 feet to move into location. The base of the jacket at times is more than 200 square feet. . The toppling force required may be greater than what the HLV can exert. As an alternative, the jacket can be cut underwater to allow an 85-ft clearance. The top section can then be place on the seafloor.
Reefing the jacket in multiple pieces may be more feasible. The procedure follows that of the jacket hopping method. The jacket is rigged, towed to shallow water and the top section above the water is cut and removed. The hopping path may change to end up at a designated reef site. The base of the jacket can just be placed at the reef site and cut to allow the 85-ft clearance. The cut sections can either be sent to shore, since they're all ready on cargo barges and seafastened, or be placed at the reef site.
Removal Methodology Comparisons
Recent studies have shown that complete removal in-situ requires approximately 20% more HLV onsite than the jacket hopping method. Figure 4 shows the total onsite duration for two jackets in different water depths. Reefing jackets in place has the least impact on the environment. The marine equipment utilized is on the job for site less time than for the Complete Removal scenario. In addition, the work is performed in one place, unlike in the Remote Reefing scenario. This avoids the emission of pollution in other areas outside the general platform location (as found in the Complete Removal and Partial Removal scenarios). The less time the equipment is on site, the less impact it will have on the environment.
Explosives are not used to sever the piles in the Partial Removal method, in that the jacket is not removed. The Complete Removal and Remote Reefing methods sever the piles with explosives, which in turn affect the local marine habitat, killing marine life in close proximity to the jackets during detonation. Remaining marine life is also affected since their habitat has been removed. By reefing in place (Partial Removal), the artificial reef environment created when the platform was first installed is preserved. Furthermore, the additional jacket piece may provide the right conditions to enhance the current artificial reef.
Partial Removal considers cutting the jacket at (-) 85-ft. below the waterline, a depth commonly accessed by commercial divers. Since explosives are not used, the local marine life is not affected;except that which lives above the -85-ft. elvevation.
Alternative Technologies
There are only six HLVs in existence worldwide with lifting capacities in excess of 5,000 short tons (Table 2 ). These HLVs are generally committed to projects years in advance and have spread rates substantially higher than the lower capacity vessels. This potential (maybe perceived) shortage of equipment have driven the development of several Alternative Heavy Lift Vessels (AHVL) specially designed to handle decommissioning.
Many designs have risen in the past five years. More than five AHLV were identified in 2001. Except for the Versatruss , all of these vessels are currently in the development phase and their feasibility is being studied through JIPs sponsored by numerous North Sea Operators.
The AHLVs may someday prove to be a more cost effective way to remove the topsides and jackets. The designed load capacities of these systems are more than adequate to remove the topsides. However, deepwater jacket removal tends to be problematic for all AHLVs. The AHLV may only be capable of removing and handling only a portion of the jacket Case Histories OXY's Brazos A76 A was an 8-pile drilling and production platform installed in 165-ft water depth. Internal concrete plugs with fabricated reinforcing bars installed in the 8 piles necessitated the use of external shaped charges with an explosive weight of 175 lbs. each. The bottom horizontals were damaged to such an extent that the jacket could not be side lifted as planned by McDermott's DB 50. The jacket was lifted until the -135 ft. elevation was clear out of the water and towed 37-nmi to BA 442 block. The jacket was set on the sea floor horizontally with the -110 ft. elevation bracing 3 feet above the waterline. The legs, piles and diagonal braces were cut horizontally using conventional burning gear above the -110 ft. elevation. The top section was rigged, lifted, placed on a cargo barge and sent to shore for disposal. Divers cut the lower jacket section vertically into two 4-leg sections. Each section was rigged, lifted, placed on cargo barges and sent to shore for disposal.
Amoco's Eugene Island 367 A was an 8-pile drilling and production platform installed in 349 ft water depth. The Partial Removal method was implemented since the platform was all ready in a designated reef site. The 1,200 ton deck was removed using the versatruss system. The jacket was cut into two, 4-leg sections vertically down to the -85 ft elevation. Divers cut the legs, piles and diagonal braces horizontally below the -85 ft elevation. A 10,000 hp tug rigged and toppled each 4-leg section. This project is one of the few cases where a crane mounted HLV was not used. Figure 6 shows the sequence by which the jacket was partially removed. The CFR states that the platform must be removed and properly disposed. However, there are mechanisms by which the complete removal is not the only option available.
Regulatory Summary
In 1984, the US Congress enacted the National Fishing Enhancement Act . This law promoted the increase in fish populations and created the mechanism by which the states can enact artificial reef programs. In 1986 and 1990 Lousiana and Texas created their respective artificial reef programs. Louisiana's Department of Wildlife and Fisheries created the program by designating specific artificial reef planning areas. Texas' Parks and Wildlife Department reef sites are not predefined as those in Louisiana. The Operator can petition the state to create a specific location as part of the artificial reef program. The state will determine the benefits of the proposed site and will notify the Operator. Unless the proposed site is in an unfavorable location such as in a shipping lane, shallow water or close to another site , the site has greater probability of being approved.
Potential Changes to the Rigs-to-Reef Programs
Louisiana's Department of Wildlife and Fisheries is considering revising it's Artificial Reef Initiative by considering the creation of artificial reef sites that lie outside the boundaries of the current planning areas. This change in the program will benefit the platforms discussed in this paper. Allowing the creation of reef sites at these locations will significantly impact the planning and management of these platforms. Of the various jacket removal methods discussed, Partial Removal usually provides the best fisheries habitat and is less difficult than Complete Removal. 
